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3'YSffHH 

Type destfTwtloi! has mm muA&md to the B(mB ©qnlprsefst* 

Plgfcfws stability reqtdror«ite i«av* been computed and « outi***** 

5i> wff«f ?20 wfftefi is attached* The oaoclualnn differs elighity fr?*i titeee 
previously reported# neoign retirements are anehanrsd hcwever* 

Study of an aeeeleroeetrr syntax far riaamrir® an^ correcting the 
effects of platf*«w testability has beers initiated* Prelteif^ry results 
indicate that the aoceleraeeter can be located. in the mens rsglm as in© equip- 
went* rattier than at the antenna as pjnEviauely believed* 

The Initial antenna design to this reporting period ***** «*"* integral 
ro&SM* a «5 rart of tlie antonm atructure* There is reason to beUew that such 
a antenna could not h© ealad to tte akin of the aircraft tor 

thu type of conditions included in the design; roQUiwrionfta* fifieordingly* a 
separate (l/B» fioevrlasa) rodent is taster coneideraticn* The structural 


rardficatione are- betnc Invest lyated* 


?eet phllosapfy tins been given »«ae ttmnpht* 


The isecbanlcal raqvire- 


-sents of the railroad and rail rosKi rantic are under aiuoy* it aj o«r» «-at a 
careful evaluation of tie trade-off of complexity should be mads* Tt mmm 
that essentially the cam scco®pliah»ente could 1* achieved using ' atsulatec^ 
tarots '.in a nook more versatile manner* 

Fortifications to thp sy uteri yamteters a® nxjuiJte oy i'lMiit teat 


ja & chicle sueti an the F3C0L have ueen considered and' axe Initial conclusion* 
are included in #1 (Scalin’ APO-95 Vstsmfaem) * Effect of such flir.ht 


test upon the re cord er are yet to be investigated* 
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the power distribution diagrafs has been including sysstee 

control ^.motions* 



Frequency Oaneratoff 

H 

ft. design apeclflcaticn has bees $?iven to drafting:* mmml layout 
warfc i« being done, this unit •■All be divided into three eoassiaf a fixed 


frequency s«ltii>lier # a variable «aoil3^itor<«ca2ltiplier and an IF-BC mp13.fl or* 

A breedbaard of the variable oscillator r^ltiplier chassis aiwilar 
to the ©rei-uss package is 60f> construe ted and chocked out* 

Oatfiponootfi aw? being mounted, m the mm kind of brea&oard for the 
fixed ftetpsoncy mLtiplier* doth of theta unite are bfidng built in an effort 
to mek® the chassis ware ccajjaci,. without the sacrifice of snrviceabilitjr* 
ana ©f the frequency sixers and tec sm&tivi orator® haw been .cheeked out* w«rtc 
is also Mir done on the !>•>!• amplifier and the other rdarar* 

The states of cn3*0£ orci31ator^lflcriJaS.natsr unit which is implied 
by intlcwa fetch Cew pany I® » follows? The wreadteard. unit delivery date is 
5»1«<SI and the two prototype® are to be «n ^4WSl. fhe suitability of tee 

design cannot be established until these unite are in. hand# 

Syne* jggratcr 

A design specification has been given to tfeaftdnf* firawing* for tide 
aewsatoly ar® ©bout 60$ conplete* ‘ ' 

A w od el of the printed board ase©Fi»ly to be used in the final units Hu 
been caapleted md checked out. It is nau being, checked over the required 
teB^wratare range* ^hc circuit operation is normal at high tenperctereji tout there 
mm still, problems at tesfieratores below 0 deg* C# 

The C®01 oscillator units on order are virtually finished except that 
tea supplier 1.9 waiting for tlm crystals* The prmdm date for the iseadboard and 


tea prototype® is hmSS^lm fhtefdfMwt .ffclfc t^b© • critical Item. 

S\ipH nirfiia a 
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tt jitter taster available to measure pules jitter mtaM net mempt 


the w & m -widths of oar <ie«ign. However it ha© '..mm that **t 

litter there is is below accepts!* levels. 


h B,S, mpiieimr with a differential input st*4» .**» ©uiit and 
checked out. flrifte for a duration of mmral fittonde are a^oateatoly am 
millivolt with ras^ject to the input* Si* millivolt# drift ’-dll prm&rn® 200 Ops 
deviation when l**i> 1® cloned, northerner# the feviatton is wall below limit# 
when the power supply voltage deviations are around l£* A fVetiueney deviation 
in modulating frequency has not been taken with tide es-fOim* in the stale lonp# 

A design apeelfteation indicating modtflbeatiene to fee otaOm on tiie 
present Bmsm Metw® Oscillator ms bean turrnd into Unifting* Infematiflii 
ooncemitir -;he additional component#} namely directional coupler* attenuator* 
crystal modulator* receiver wlaer, buffer erplifler and interconnecting wwg**Wi 
has been Included in the P-spec. bsyoat wort: has beam* Swings listor« the 
l« 3 tig lead item# have been wade and will soon im to urn staty* 

Three ®thW units will be provided by the chap fTrcs «h wiping 


producti.cn run becinr&ng in * ay, ‘fbese will fa© ?;wdifiad per abewe. 


EAfli'AflOI TXM-XM 

h fcrea dtooartS consisting of a ©ewe amplifier* Speared sotsr and two 
synchro resolver® has been built ami checked out* Sears j tearing, etc haw 
been ordered and will be iaeotporeted between the reeolvor end she precision 
potent! rvetor which is due the first part of April, 

Megotiatione hove been Bade with Btwwer Instrument Cafpratlm to 


manufacture a g#sr beat for the ground «peed step servo motor then asw»-*lv 
the not or and a precision potettUflWtw to the rear boas* 


A ficsipn specification hee been' written and turned in to drafting 


Si 


r ,r 


li'J 



layout work has began. 
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tmuivm 

Tfm first TWT was reoetwl and uncfcr test was f «-•**» to we defective. 

It was returned. toother was prwdeed 10 

Cowtraetlon of the £T aspilftar has began »*** io ** 

electrical test will begin week of 3/27/61. 

* ^duettert in arplitode of video signals ^salted In a ««*■* of the 

video atfdifier design, Tnuwdstos-a uava considered but kni» af «•*•# « s ** w9 * 
^ B *intermr*e difficult^ abated with the t*« of circuits ^ it «» 

decided to continue to a m vacaaa tube* 

fftp Te&aeX&i of the? dftoo amplifier and aut»»tie £®i» stabilisation. 

circuit is shmt complete. ?%c!mnicai layout is shout t& effete and 
dnadige far fabrication of the class is are currently being drawn. 

- ark is still eont&rainr. on the dae»B« of «• miimlulfi ayncuroaoaa ti«P 
at 120 pea. Two type# of balanced islxors Have beer, design*^ with noth mam* 
ixOy r^rginal eporation. "t the present ti*» tha balftneod sttasr os-ng ceramc 
trioeites shown the east pmUe and a suitable design is shout &Xf> ee«p*ste» 
pfaaB aopftr frar-.SHtk 

A review of the quotation received for the dasipi and construction 
of regulated power «*pli«o resulted in the- decision to- have tlis eosponoftts 
section design and wnftekaa the* power afoly afiasaotoli** l-* r 
Revision S. The aribient tewperatwe surrounding these suboatanbilaa will b® 
a niMinuet of 0 # C anti a swndaMPi of uO u* 


ha* ctaaplet ed the layout, of the rtedul&tor and is procsodine 
vdth the fietail drawings, Kelasma to shop is wcpmtmd two weeks ahead of schedule, 
•jfegtg 0f breadboard r;odulator have been fflahe as f*r ss peasibltt 


with the parts available. 
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fmtm is progressing satisfact -arily uttti tbs Wf and pulse tnw* 
form*, The dsgip is eaglets and the first model is new being eexntruetid* 

It is mspmtmd that this mods! will be ready for checkout in the breadboard 
modulator April 1, 

Raytheon !ms a pramise of ‘'ay for a lew capacity filament tr»osfcr*s©r. 
In the mm tim a 1 mb tjjj# will be nmad for taste, final proof of design hosier 
will have to ssrait this itaa, 

BI?Q aPM,EKtB 

Tte design, and brea&;*ez , ding of a pulse detection circuit for find 
**yst©» mm was begun, 

fallowing -'Seta wee taken with pressurised switches* 

.PregEgora Sing; Power (Peak) Bias Time 

30 psi£ 320 Kn 3,5 naec 

Ii5 pslg Ii50 Rw 6 nsec 

ftlrtrorij, when contracted in reference to ring for rlwrtlngbotis®, stated 
tltey were having problems generating pure (lossless) circular ‘node ffm 

reetanpilar to similar input coupler. Infarction »m dec received that the 
delivery of the .iSt ring has been delayed by 3Q days, ^Htia^iouee will not 
be quoted until April 1* 

Bequests for quotes for the dump switches were cent to lire suppliers. 
Four rid no quote, Mcrowave Associates is still looking at the prdblmi $ bat 
it mmm doubtfbl. that a quote will be received* 

imzmn ram 


Slue© the last period additional tests- ware made with the tube eot*» 
taiHftw, a trigger electrode, Tm sarpUng scope wan used it* these tests to 


obtain a more accurate measurement of the breakdown times that were being 
obnerved, It was noted that for high pressures (i,e, pressures syrator fctan 
t^iat required to prevent ?<*f, isreeKdowi at 2J0 EW «snlti?r. In lower hold off 
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jpoiwrp) the rise t urn or switching tiiw was raach faster* A witsldti t&aa 
of' Amt S nanoseconds saa'«eaaKfed one© before the tube develoi>ed a leak* 

The nislts af these testa iadletted that it was possible to heid 
off fl*P* breakdown at 8$0 KW and to initiate rapid breakdown with the appH- 
cation of an external voltage pulse* However* it was also sh':afr* tnat a re* 
design of the tafcc me needed particularly with respect to obtaining a base- 
able tube and ©no with variable electrodes* Having obtatiwsd preliminary 
information m this type of tr.be and bocai.se of tire redesign necessary* it 
\hm been decided to t^ts^arlly forego work an this tube in order to evaluate 
the wspatie switching tssisi^ai that was proposed* Ccnapanents anc tuoee hoe 
been built for this mn& are currently being set up far high power tests* &«m 
calculations ware roads in an attempt to predict breakdown, tto© ©f the ragnctic 
device* The tire calculated was in tire order of 300 nanoseconds* Because of 
the s.ff)r©ai,E«tioR8 made in the eoRpatatiors* this figure is worth checking 
so^rerimntally to determine whether an order of Magnitude la|>rovement can be 
obtained* 

a staple* thin walled tube containing a glass capsule Me been 
assailed and 1m level tested for vm in Investigation of «4»6hl xwpltmnts* 
This* too* will be a lew pressure device with a plasma that in broken down bjf 
a?s spoiled gagnitie field* it will, be necessary to ttom shore Misting equipwsent 
in «dv to test tubes on both programs* 

4iirs?tm 

jilectrlcal 

103 Hsnifold » Wortc is continoinr, on the various transition anti alter 
corner sections* ruch difficulty has been experienced in scran of these pieces 
because of the e x tr e me waveguide aspect ratios and Rs^tinl8f and. fabrication 
difficulties* Tentative diwsnslorre have been eawplled for both rar&folda «nd 
power dividers. 
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I0t* Array - 1 second array w st3elc’* (11** long) was cnrrected 

sl»f upaeing and conductance In an attaint to eHMnate the lob®** Aieh 

was obtained with the first stick deal m (19* lone)* M#ii.*Uon patterns for ti-ae 
stick have been measured and found to cot^otr eltwiy to the theoretical pattern# 
in the shaped region* In addition* the hmm lobe is no* -10 db* Mriteh is 
definitely eneouragins when coesparsd to the results of the 19* cteaicn* 

Is contlmifli' to reduce the irage lobe amplitude and to correct far mutual 

coupling effects of tswrlap ini' slot©* 

20 & „ radons - Dielectric i^suremente on marl one samples were e a. dieted 

and. dielectric ami tranmission data eorcUed in chart fore, 

107 . j,o«d - fevaluatlan of both fall and half-height load samples hae 
verified the* load material and design, however* as this Item is released* 

i 

ttsftdting reqtd r e weafc g isuai be spec! fi ad and the waonieotsrer «?ay have to make 

assail corrections in the load design, 

ft 9 . %«eifieatian — The Mpcc hae been brought up to date and retyped 

to correct the format* 


Itechor&cai 

202 stw c t B W analysis - the hmwyeoeb been outline was c<*»ared to a 
detdi of the AnhKct cavity a® supplied by CJ Section and minor changes to the 


configuration were swig to eliminate tnfaarfercnee* The end us© dnsiinE «h® 
hetnyeoesb will be started daring the week of starch 15* Release to the wads! 
bhop will be mate m noon as the drawing is ocrpleted* 

203 • SartfoM Design - One ©f ti«© two end cm drawings was partially 
©arpleted in frmfMne* $he second drawing* which is a mirror image of the first, 
will, be started upon completion of ths- * irtt, fwteiwsfi nee withdrawn it# 


^uote css the oasis of tho fact that the fire who would normally do its electro 


forsrfUag* baa' previously bmn s&i&flqp. 


pd and, UsSMsade a quote- directly to 


\jv u . 

©rtimrhmiae, Q) 1 
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luvy/ 


•Tr* 


The pressure port, prt i taw windows and connecting tubing, have boon 
elisdnated the manifold design after it was established that a pressure 
drop in the antenna would not cause magnetron burn out. 

20L - Array 8*wd«n • The array mechanical design is complete with the 
estcepti on of the exact location of the slots* Tine end uee drawing will be 


started when the information ie available* Tonsil© test epeeiwon© of electro- 
formed nickel have been ordered and will be selected to heat aging and high 
temperature tonsil tests at the Research Lab* The objective of this teat ie 
to determine the probable tensile strength and yield strength of the electro** 
f cawed nickel at 550 degree# F* 

7h& Mechanical design of the power dividers has been completed and 
end use drawings will be started by drafting durlrv: the weak of 3-15-61, 

?.C& • Tolerance tudy - Reduced operating pressure requirements have 
required another series of computer runs to determine the optimal hon&ycoenb beam 
structure# a© results of this study are that a hocnyoari> beam of l*5U*thleknos& 
having faces •(AiO* thick can be used without causing the sldelobee to exceed 


specification limits* 


The weight of the antanna is estimated to be about 12$ lbs, 

206 - E mime, Design - A slotted nickel wavs? T ilde * tas tiad a laminate 
strip bonded to it ami has been tested for air leakage at degrees F* 
The leakage rote has been 1 - 1/2 to 2 jwrtif per hour which is well below the 
prorated allowable leakage rate* 1 TForts grp- now being directed to wa rd 
improving the bonding techniques, aptinislng tlx* cure tins and maintaining 
reliability. 


20? - Load and Seale • **0* Hinge »*de from a high temperature compound 
have been ordered and will be tested when received. 

The load design and. mounting confit'Tiration has been corplmterf and. a 
purchase part drawing will be requested faring the week of 3-15-6&* 

V fS , fp C TP 
u Jf 
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fjl - Drafting • flue antenna layout has been ®ade and revised to 
ohMww mutifliMd in tasSc# «t>w* .detail end ft* dr *i.li »** 

started* 
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EGRET 


mm&m __ 

^ESTERS 


The quantities at taper i*m» in the Aith93 <y»taa «W! 

a, Tatai rang* change In Ties, yi B 

to* Tim© of view ty 

o* Velocity of A/G V 

d# |>etPMldth . to 

®* Paximt* doppler frequency, 

f* Film velocity * 

g« Mange E 

h« length. of beam intercept, l> 

|» length of film record, 

these quantities ere related fey the following relationships* 

E * 1 (MO | -l) 


nr 


X. • » tan | .-V IS 


** • SLM&M 2& 


> ^ A 


t • i 

v “T* 


(1) 

(2> 

(3) 

m 


r i 


▼ 


Assume that It is desired to scale V by a fee tor of 0*1$ and ft 
toy a factor of 0*5 * In order to get identical pattern on the fils, it is 
necessary to hold k and & K constant* 
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flal np: pvtmm to represent aesled quantities, 
s 3l / JU2 __ _ JL 


f r 


• it* (IT) , <8* if n m 0 # 5n 

1 “ /i « 


fT' 

y 2 


n 0 # Cj? . J~2 


V a**** 

M* 


• 1.56 fL 


vt • 

V 


/? 

^ • 


1.; 


( 6 ) 


r T> 


Wi 


s* ■ 0.62* v. 


C$a> 


r 4 


•*#* x /g* a • .All f* 


Ttmmim-mg mt mqmttmA, ti we is no difCiOttltj in record!??*. Ylte 111® runs 
at 0.6it s^j^od, and the tmx&sajm dap ler is O.^t iwal, 

ftcfe®, fMWWWBp* that tMi ofl wpsnsn fclan ess be nod at ortly ear we^s, eirw© tbs 
<sro » R *> the ft di«f>le^ed by tie prBCsogq r would be (m inter? mim'd* 

% s swteetdttttion of cord®*! leasee, a natch cauln se obtsf-nsd* 
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Abstract 




] The average pattern Is determined for a linear antenna with a 

random phase disturbance. This result is employed to establish platform and 
STALO stab ili ty requirements limiting side lobe magnitudes and main beam 
deterioriation to selected levels. Curves of allowable platform motion and 
STALO frequency modulation are given for several cases. 


I STABILITY REQUIREMENTS FOR A SIDE-LOOKING DOPPLER RADAR 

Introduction 

: : f | 

; — L~ — - Instability of the platform or the STAIA represents one of the most 
serious degrading factors in a side -looking, doppler radar. This memorandum 
vill develop tentative specifications for stability requirements in this type 
of! system. 


The basic problem is that of determining the pattern of a wrinkled 
or bent linear antenna. Or, it may be thought of as determining the effect 
of a wrinkled wave front. In the case of a side-looking doppler radar, the 
platform motion or the STALO phase shift is developed as a function of time. 
However, since the antenna itself is developed as a function of time, the 
problem is identical to that of a static antenna with a phase disturbance along 
its length. ; j j 


1 


! J Establishment of these specifications is not completely strai^itfor- 

| ward. There are two problem areas. First, the basic criteria from which the 
■-^specifications are established are essentially arbitrary, and there are several" 
views as to just what phenomena are most important and how they should be 
defined. Second, the purely mathematical manipulations involved are sufficiently 
complicated so that the relation between the phase disturbance and the resulting 
beam distortion can only be exhibited in closed form in a few special cases. 

! Phase disturbances along a linear antenna will produce two types of 

beam distortion; (1) degradation of the main lobe, and (2) introduction of 
side lobes'. . Degradation , of the main lobe is produced by phase disturbances 
I which are relatively slow; - : that is, by disturbances which do not complete a 
cycle along the antenna length. Fast disturbances which complete many cycles 
- along the antenna length yield side lobes as their pri mar y product, 
s . ■ \ . •••• ■ -V:' ; ' ;■ i . .... • 

j | In this analysis, assumptions will be made about the nature of the 

phase disturbance which simplify the mathematical problems as much as possible. 
The pr imar y such assumption is that the phase disturbance is a Gaussian randcm 
process. This assumption is quite reasonable and should not be subject to 
question or criticism. When the phase disturbance is a random process, the 
resulting beam pattern will itself be a random process. Actually, the beam 
pattern perturbations are described by two Independent random processes 
corresponding to real and imaginary components . The properties of these two 
eccponentB could be developed in detail. The approach taken In this analysis 
! is simply to calculate the average value of the perturbed power pattern of the 
j ant enna . This approach leads to a relatively straightforward mathematical 

development which is presented in the Mathematical Appendix to this report. 


AIR ARM DIVISION — 1 1 V "" SECRET 
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r _Ihe resulting average antenna power pattern will possess a loss of main beam 
gain and an average side lobe level, the magnitudes of which depend upon the 
properties of the phase disturbance. The approach taken is to require the 
average power pattern to conform to certain arbitrarily assumed standards. 

i : ' ■ ■ ■ ' ' - 

j With respect to the main beam degradation, this approach contains a 

hidden assumption which should be noted. When the phase disturbance has an 
average "slope across the aperture, the main beam will be deflected. Actual 
beam broadening and loss of gain is more directly related to an average phase 
curvature across the aperture. It can be validly argued that random beam 
deflection, which produces distortion in the final map, should be ignored in 
determining the main beam gain loss and only the average phase curvature taken 
into account. This approach was taken in a preliminary study of the problem. 
C«£-In the present analysis, however, random beam deflections are automatically 
interpreted as a widening of the main beam when the average power pattern is 
computed. In this sense, the allowable phase disturbance, as it relates to 
main beam degradation, may be overspecified in this report. The motivation 
for this approach is that it allows a single and compact mathematical develop- 
ment applicable to both main beam and side lobe aspects of the problem. The 
specific criterion adopted for allowable main beam degradation is that the 
average loss in gain at the beam center be less than 3 db. This corresponds to 
an average beam widening of about 40$, including the effects of random beam 
deflections, of course. 

The side lobe criterion adopted is that the mAvlrmim value of the 
average side lobe level be less than -20db down from the unperturbed main beam. 
This criterion is essentially arbitrary, adopted on the basis of engineering 
Judgment and experience . An alternative criterion which has a certain amount 

"of merit is to require the integrated side lobe power to be maintained less 

than a specified value . One problem which arises in specifying side lobe 
levels is the question of distinguishing between side lobes and the main beam 
when the wave length of the phase disturbance is about equal to the antenna 
length. In this case, the vestigual side lobes appear as steps or bumps on 
the side of the m a in lobe and the -20 db criterion can be relaxed somewhat. 

In the Mathematical Appendix, examples of typical average power patterns are 
illustrated in this critical region. 


In order to obtain specific results several additional assumptions 
have been introduced. One of these relates to the shape of the unperturbed 
beam pattern. It is assumed to have a Gaussian shape. This, of course, also 
implies a Gaussian amplitude weighting function. This particular characteristic 
can often be realized quite closely in a doppler, side -looking system, and its 
adoption materially simplifies the necessary calculations. 

Also, specific forms must be assumed for the spatial spectrum of the 
phase disturbance. Two types of disturbances will be considered. In the first 
"type, it is assumed that the disturbance is nearly periodic , and the spatial 
spectrum Is a delta-function at the wave number where the phase disturbance 
power is concentrated. The requirement derived in this case relates to the 
magnitude of single frequency vibrations which can be allowed . In the second 
type, it Is assumed that the phase disturbance process is a l.aw wave number 
one with a spatial power spectrum described by a Gaussian function. The 
necessity of assuming specific forms for the phase power spectrum limits the 
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t — applicability of the results to seme degree. In particular, tbi necessity of 
assuming a finite phase disturbance power could he relaxed. It appears that 
it; is re ally only necessary to restrict the slope of the phase disturbance to 
a finite power. In such a case, the phase power spectrum would he indefinitely 
large at low wave numbers - It is intended to provide this extension of the 
present results in an adde n dum to this memorandum. 


Cases . 

| Specific stability requirements will he developed for three sets of 

typical system parameters which essentially represent two distinct cases. 

C as e I employs extreme parameter values representing a future system; case Ila 
Is an intermediate one representing requirements in the immediate future; while 
“case lib represents requirements of current systems. The parameters for these 
cases are listed below: 


~P>~ 


Case I: 

Y a velocity » 
o a range » 40 
jt m resolution 
X m wave length . 


Mach 3-0 
n.mi. » 
a 6 ft 
> 0.1 ft 


Case Ila: 


V 

R 

JL 


velocity = Mach 2.0 
range = 20 n.mi. = 
resolution * 12 ft 
wave length * 0.1 ft 


= 2920 ft/sec 
2.4 x 105 ft 


K ! . f 

= 19**0 ft/sec 
1.2 x 105 ft 


_i 




Case Hb: 


V 
R 
X 

V 


velocity * Mach 1.0 
range = 20 n.mi. = 
resolution = 24 ft 
wavelength a 0.1 ft 


> 970 ft/sec 
1.2 x 105 ft 


' : 'X 

,n 


m 


jjjg general curves in the Mathematical Appendix are expressed in 
terms of an antenna beamvidth. The doppler filter bandwidth may be taken to 
represent this beamwidth . A simple and straightforward relation will be 
supposed between this bandwidth and the other system parameters. A synthetic 
antenna of length L = VT is supposed where T is the integration time. The 
azimuth resolution is then simply the beamwidth times the range . 


>R 



( 1 ) 


The integration time will thus be 


( 2 ) 
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For the parameters adopted. 
Case I: 


T « .685 sec 
Cases Ila and b: 
T = .258 sec 


fhe doppler bandwidth (representing the synthetic antenna beamvidth) will be 
approximately 1 /t or 1.46 cps and 3.88 cps, respectively, in the two cases. 

Platform Stability Requirements 

ihe data in figures 1 A. and HA are now easily transformed into 
specific requirements. Figure 1 shows the allowable rms platform displacement 
for the two types of disturbances considered in Case X. High frequency periodic 
disturbances should be maintained less than about 1/50 of a wave length. With 
the disturbance in a noise band, the rms value should be maintained less than 
about I/25 of a wave length in the worst case. 

The same data are also plotted in figure 2 where the ordinate is 
expressed in milligees. In interpreting these latter curves, it must be 
remembered that it is the displacement spectrum of the noise disturbance which 
has a Gaussian shape and not the acceleration spectrum. The decrease in allow- 
able acceleration with frequency or noise bandwidth in figure 2 can be attributes! 
to the method of analysis which includes the effect of random wandering of the 
beam. A previous analysis which only includes the effect of phase curvature on 
oeam broadening arrived at a constant allowable acceleration of 6.0 milligees 
for a sinusoidal disturbance in the low frequency region in this case. It is 
^W>&^sted that this value be adopted as a lower limit. 

Platform stability requirements for Case II are similar. They are 
shown in figures 3 and 4 . As in the first case, a lower limit is suggested in 
iihe ,ow frequency region on the basis of studies which considered only the effect 
of phase curvature. This lower limit Is 46.8 milligees. 

5 TAL 0 Sta bi XI tyJRe nt s 

STAID instability manifests itself as a change in wavefront, phase 
jfunng the signal propagation time % The propagation time is 


^ =ZR/c 


The STAID output is represented by 


STAID output = sin (2.1*3. f- + t *) ) 


(h) 


\ = carrier frequency 
= STAID phase modulation 
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The phase error during 
phase error = 


the propagation time will be 


( 5 ) 


For R = 40 n.mi . , 1 jy - 2KC, and the approximation indicated in equation (s) 
will be valid out to frequencies on the order of 100 cps. 

■^ le Quantity may be interpreted as a frequency modulation 

disturbance of the STALO. As before two requirements will be established from 
the basic results in figures 1A and 3A, one corresponding to a periodic fre- 
quency modulation and the other corresponding to a frequency modulation power 
spectrum of Gaussian form. Figures 5 and 6 show the requirements determined on 
these bases for the two cases being considered. It should be noted that when 
tfte modulating frequency becomes sufficiently large (> i KC) the approximation 
in equation (5) is no longer valid, and the allowable frequency deviation 

increases with the modulating frequency corresponding to a constant deviation 
ratio. 
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MATHEMATICAL APPENDIX 


AjLlowable Random Phase Fluctuations Along a Linear Antenna 

An antenna pattern Is defined in terms of an aperture weighting 


function . 


-= | |°Cx^ 


JLwX 

e. Jfx 


u> -i r© 


(1A) 

(2A) 


Pm = antenna voltage pattern 
= antenna weighting function 
X = distance along the antenna 
0 = look angle 
w = angular wave number 
A = wave lengtn 


Since Plu>) and I’tx) are Fourier transforms, 

-r 1 *’ =^j- c 


-JLtOX 

Pt u>) e d<jo 


(ja) 


Normally, both POO and will be real and even, and this is supposed the 

case here . 


A phase disburbance along the antenna will be denoted by cot X) . 
This phase disturbance is derived from a displacement disturbance, 


Cx) -^lAtTc) (4 a) 

Phe disturbance is supposed a stationary Gaussian random process* The 
autocorrelation and spatial power density spectrum derived from this process 
are denoted by and cji Cu>) , respectively. 


^ ^ <r f “ ^ p oo x 

v-' 


(5A) 

(6a) 


(7A) 
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The disturbed voltage pattern is represented by 

f iu,X + 

\ CM e (8 a) 

Ai***') is itself a randan process. It will be sufficient to consider only the 
average power pattern. 


Tv Vo c 






(9A) 


- a- O-^vM) 
c ^ c ■ 


(10A) 




(HA) 


This expression will be evaluated for two special cases. In the first, <p i 
is supposed very nearly periodic. In the second, is supposed a low 

wave number process with a Gaussian spectrum. 

When is nearly periodic or concentrated at the wave number 


t — c«.S w 0 (*,-x v ) 


(l2A) 


— S^j, toS 


X X*vspe 


A II,,) 


(13A) 


1 M“rt’ ^ )J PwPMW - (^.1 e 




A» % (lbA) 


~ x 

\ — e. ^X^Pc^ku-) 


(15A) 


A specific form will be assumed .’or . It is supposed that W 

is Gaussian. 




to 

X 


- 1 H 


(i6a) 
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B * .6 (beamwidth in angular wave numbers) 


(17A) 


For a periodic disturbance, then, the average antenna power pattern will be 


— e 


- <r. 




( 18 a) 


In the second case, is assumed to have a Gaussian form. 






. - v' 

» o 


(19A) 




(V 


1 ’x* 


T 


(20A) 


1.2 (disturbance bandwidth in angular wave numbers) (21A) 


Thp integrand in equation (llA) will now include the following 


factor 


e = e 


(22A) 


This rather awkward function can be expanded in a number of ways. The 
following approximation is convenient and useful. 


~ <C (V- e 

e T 


OftySL’. 

» e ^ (i-e Y ) e 


(23A) 


This approximation is accurate to a few percent for extreme ranges of all the 
parameters involved. Moreover, when substituted into equation (llA), this 
expression is readily evaluated. The result of this calculation is 




~ S . . iv-e 


\ a* e. ? tvj -v 


>ftr p 


_ (i-e T )( uj-u) 


(24A) 
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With the Gaussian forh^ssumed for Ptw) in equation (l6A), this becomes 



Equations (l8A) and (25A) will now be employed to determine specifica- 
tions for allowable phase deviations. In specifying allowable phase disturbances, 
two phenomena must be taken into account; (a) deterioration of the main beam, 
and (b) the magnitudes of random side lobes . Deterioration of the main beam 
will be specified in terms of an average loss in gain at the beam center. The 
criterion adopted is that an average loss of 3db can be allowed. This corresponds 
approximately to a 40^ widening of the beam. The criterion adopted for random 
side lobes is that their average level be less than -20 db below the undistorted 
main beam. These two criteria will lead to two independent specifications. In 
general, main beam considerations are determining when the major portion of the 
phase disturbance have spatial frequencies within the spatial antenna beamwidth., 
and side lobe considerations are determining when the major portion of the phase 
disburbance have spatial frequencies greater than the spatial antenna beamwidth . 

The case of a periodic phase disturbance is considered first. If 
Is supposed small, equation (l8A) can be expanded to yield 

~ e V ic + & e. ( 26 a) 

I O 

With , it is obvious that CT oJL (radians) to provide side lobes 

of less than -20 db. This specification is plotted in figure 1A. The abscissa 
in this curve is the ratio of the spatial frequency of the disturbance, t 

to half the spatial antenna beamwidth, 6/t^ , which is denoted by i) 


•R 


(27A) 


The magnitude of the main beam center will be 





X.CO -Ze 



(28A) 


This has been set equal to .5 and the resulting relation between and y> 

calculated. This relation is also plotted in figure 1A. The two specifica- 
tions have been arbitrarily connected together by a dashed line to provide a 
complete specification as a function of v> . Points on this connecting line 
will have side lobes which are somewhat larger than -20 db, but they will be 
so rudimentary that they appear to be more a part o * the main beam than side 
lobes. A feeling for the shape of typical power pa.berns can be obtained 
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from figure 2A where three representative patterns corresponding to points 
on the connecting specification are plotted. 

A s imi lar specification will he derived for the case of a low fre- 
quency hand of noise as the disturbance . The main beam specification is 
determined by setting equation (25A) equal to .5 with to = o . The specifi- 
cation derived in this manner has been plotted in figure 3A. In this figure 
the abscissa is taken to be /B which is the ratio of the noise bandwidth 
in wave numbers to half the beamwldth in wave numbers . As in the previous 
case, the abscissa is denoted by i> 

specification is obtained by approximating equation 
If, in addition, , the sidelobe specification 


(29A) 


This relation is also plotted in figure 3A. The two specifications are 
arbitrarily connected together as indicated by the dashed line. 

In order to give a feeling for the shape of average power patterns, 
particularly on the connecting specification, patterns for three representative 
cases are shown in figure 4A. 


The sidelobe 
(25A) for small 
is given by 
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